Introduction
Fungi are associated with opportunistic infections of the eye. The epidemiological pattern of fungal infections varies from country to country and even in different regions of the same country. Systemic and immune status of the individual may also determine predisposition towards fungal infection. Of all tissues of the eye, cornea is most susceptible to fungal infection. In India, prevalence of fungal keratitis varies from 7.3% to 44.8% in microbial keratitis reported from different Fungal infections continue to be challenging to ophthalmologists, both in terms of diagnosis and treatment. Therapeutic failures are high and poor outcome is attributed to factors such as delay in diagnosis, underlying host factors, poor drug penetration and resistance to antifungal drugs among some fungal species. [2, 7, 8] Candida infections are generally treated with amphotericin B, although flucytosine and fluconazole have also been recommended for the treatment of Candida infections of the eye. [9] [10] [11] Although several drugs are used for treatment, very limited literature is available regarding antifungal susceptibility of Candida isolated from ocular infections. [12, 13] There is only one study that has reported type of Candida species prevalent in Indian patients with ocular infections and their antifungal susceptibility. [13] The species identification was based on biochemical tests and the authors used microbroth dilution test to determine minimum inhibitory concentration (MIC). No attempt was made for clinical correlation. In order to formulate guidelines for the treatment of ocular candidiasis in Indian patients such a study would be useful. At our institute, all patients with ocular infection are investigated in the microbiology laboratory following a uniform guideline. This study was undertaken to test all isolates of Candida to determine the species and their susceptibility to various antifungal agents. We also analyzed the treatment that these patients received and their outcome.
Materials and Methods
Forty-two clinical samples (corneal scrapings-29, vitreous fluid-12, pus-1) from patients with various eye infections, seen at L. V. Prasad Eye Institute between September 2010 and March 2014 were processed as per the protocol described previously. [14] The samples were examined by direct microscopy as well as cultured in standard media. A culture isolate was considered significant if confluent colonies grew on solid medium, and/or if the isolate grew on two media and/or the organism was seen in direct microscopy and grew in even one medium. Significant isolates of Candida species were preserved on Sabouraud dextrose agar slopes at room temperature until tested further. All isolates were subjected to species identification by Vitek 2 compact system using YST strips (bioMérieux, France).
The isolates were tested for their susceptibility to various antifungal agents such as amphotericin B, itraconazole, voriconazole, fluconazole, caspofungin and natamycin, which are in use for treating eye infections. MIC of the drugs was determined by agar diffusion E test (ET) method on Muller Hinton agar containing 2% glucose with 0.005% methylene blue (Himedia, M1825, Mumbai, India) using E strips (bioMèrieux, France) of amphotericin B (0.002-32 µg/ml), itraconazole (0.002-32 µg/ml), voriconazole (0.002-32 µg/ml), fluconazole (0.016-256 µg/ml) and caspofungin (0.002-32 µg/ml) using manufacturer's instructions [ Figure 1 ]. [15] E test strips are not available for natamycin, therefore, 5% eye drop (Natacin, Entod Pharmaceutical Ltd., Mumbai, India) was used by microbroth dilution for testing the MIC of natamycin (final drug concentrations ranging from 128 to 0.25 µg/ml) by the method described earlier. [16] ATCC strain of C. albicans (ATCC 90028) was used for standardization of the E test.
The isolates were labeled as susceptible (S), susceptible dose-dependent (SDD) or resistant (R) based on the CLSI M27-S4 document interpretative guidelines for MIC breakpoints: [17] Breakpoints for itraconazole were noted and interpreted in accordance with published literature, as CLSI has not described the interpretative criteria for this antifungal. [17] Based on earlier reports, an isolate was considered susceptible to natamycin if the MIC value for the isolate was ≤16 µg/ml. [16, 18, 19] 
Results
During the study period (September 2010 and March 2014), 3,006 patients with culture-positive fungal keratitis and 80 patients with culture-positive fungal endophthalmitis were diagnosed. Majority of the culture isolates were filamentous fungus with yeast-like fungi involved in 29 (0.96%) keratitis and 12 (15%) endophthalmitis patients. With an additional patient with fungal orbital cellulitis, a total of 42 isolates of Candida were included in the study [ Table 1 ]. The most common species isolated was Candida albicans (12-keratitis, 4-endophthalmitis, 1-orbital cellulitis). The other species included C. parapsilosis (10-keratitis, 1-endophthalmitis), C. guilliermondii (3-keratitis), C. ciferrii (2-keratitis), C. glabrata and C. famata (1-keratitis, 1-endophthalmitis) and one isolate each of C. tropicalis, C. pelliculosa and C. utilis. Two isolates from endophthalmitis cases could Table 1 ]. The direct microscopy procedures used in the study were able to detect yeast-like budding cells suggestive of Candida species in 18 out of 38 (47.36%) of the samples.
The mean MIC of amphotericin B for the isolates from 29 patients with keratitis was 0.2 µg/ml (range 0.032-0.75 µg/ml). MICs of all drugs tested against the 29 Candida isolates from patients with keratitis are shown in Table 2 . Taking CLSI break point of ≤1 µg/ml to determine susceptibility, 29 (100%) isolates were susceptible to amphotericin B. MIC of caspofungin was in the susceptible range (≤1 µg/ml) in 28 (96.5%) isolates while one isolate (C. albicans) showed high MIC value (0.38 µg/ml) indicating susceptible dose-dependant.
According to CLSI guidelines, 12 out of 29 (41.3%) corneal isolates were sensitive to fluconazole, 2 were susceptible dose-dependent and 15 isolates were resistant. Resistance to voriconazole was seen in four isolates. On testing with itraconazole two of the isolates were susceptible, remaining being either resistant or susceptible dose-dependent. At break point value of 16 µg/ml, all isolates from patients with keratitis were susceptible to natamycin. Table 3 shows the MICs of the drugs against Candida species isolated from patients with endophthalmitis and orbital cellulitis. Twelve out of 13 isolates were susceptible to amphotericin B while all were susceptible to natamycin. They were either resistant or susceptible dose-dependent to itraconazole. Resistance to voriconazole, caspofungin and fluconazole was seen in 2 (15.3%), 3 (23%) and 5 (38.4%) isolates, respectively. The MIC 50 and MIC 90 of all antifungals against C. albicans and C. parapsilosis, that were the most common isolates, are shown in Table 4 . Table 5 outlines the visual acuity at presentation, treatment given and outcome in the patients with Candida keratitis. In 17 out of 29 patients, 5% topical natamycin was started based on either clinical suspicion (9 patients) or observation of filamentous fungal elements (8 patients) in the corneal scrapings. Smear examination was not done for four patients, two of whom were also started on natamycin. Of the remaining 7 patients, three received topical 0.15% amphotericin B (Onco division, Wintac Ltd., Bangalore, India), two patients received 1% topical voriconazole (Vozole, Aurolab, Madurai, India) and one patient received fluconazole (0.3%, Zocon, FDC, Proxima, India) eye drops. One patient each received a combination of amphotericin B with either fluconazole or natamycin. Presence of budding yeast-like cells in the direct microscopy [Case 22, Table 5 ] accounted for initial treatment with antifungals other than natamycin. Four patients [ Table 5 , patient no. 6, 16, 21, 29] did not receive antifungal treatment. Seventeen patients were given oral antifungal in the form of either ketoconazole (200 mg twice a day) or fluconazole (200 mg once a day) or itraconazole (100 mg twice a day). Visual acuity at the time of presentation was better than or equal to 20/60 in 3 out of 29 (10.3%) patients. Surgical intervention in 11 patients (11/29, 37.9%) included penetrating keratoplasty (PK) in 7/29 (24.1%) and evisceration in 4 (13.7%) patients. On medical therapy, with or without tissue adhesive application, outcome of healed ulcer was achieved in 12 out of 18 (66.6%) patients with visual acuity better than or equal to 20/60 in 7 out of 18 (38.8%) patients.
Eleven patients with clinical endophthalmitis underwent parsplana vitrectomy with intraocular antibiotics (vancomycin and ceftazidime) while one patient was suspected with panophthalmitis and required evisceration [ Table 6 ]. None of the patients were clinically suspected to be fungal. Direct microscopy of vitreous from 4 out of 12 (33.3%) patients showed presence of budding yeast-like cells with rest of them being negative on microscopy. Based on culture report, 10 out of 11 patients Table 6 .
Discussion
The Candida species tested in this study are derived from a large series of patients with ocular infections. The eye infections that may be caused by Candida species range from extraocular (keratitis, orbital cellulitis) to intraocular (endophthalmitis, panophthalmitis). Failure to treat them with specific drugs may lead to irreversible consequences in the form of vision loss. An increased awareness of possible infection with yeast-like fungi is important to initiate appropriate investigation and treatment. This study shows that Candida albicans was the predominant species associated with ocular infection and accounts for 40.4% of all the Candida species isolated from ocular specimens, followed by C. parapsilosis (26.1%) and C. guilliermondii (7.1%). A study from Brazil reports 53.3% of yeast isolates from corneal infections to be C. albicans, followed by C. parapsilosis (20%) and C. tropicalis (20%). [12] On the contrary, a study from South Florida states C. parapsilosis to be the most common species associated with Candida keratitis accounting for 68.7% of Candida keratitis, followed by C. albicans (25%) and C. tropicalis (6.3%). [20] Going by the published literature, the recommended treatment for Candida keratitis is amphotericin B or voriconazole. [21] Therese et al., tested 50 Candida species in vitro and showed susceptibility to amphotericin B with MICs of <2 µg/ml. [13] This study found low MIC 50 and MIC 90 of amphotericin B, voriconazole and caspofungin compared to other antifungals for the common Candida isolates from ocular infections. There are no reports of use of natamycin in the treatment of Candida keratitis although natamycin is the most widely available topical antifungal formulation in the world. Our study shows that not only were all Candida species sensitive to natamycin in vitro but also a large number of patients responded to treatment with natamycin. Of the 12 patients who responded to medical therapy, eight were treated with natamycin alone. Based on our observation we believe that natamycin, considered the drug of choice for fungal keratitis caused by filamentous fungi, may be administered for keratitis caused by Candida species and further alteration in drug may be warranted only in case of no response or worsening after 1 week of therapy. This has the added advantage of not having to use amphotericin B that needs to be formulated as eye drop from parenteral drug and is more expensive (natamycin-Rs. 118/vial, amphotericin B-Rs. 330/vial). With current availability of voriconazole eye drop (Aurolab, Madurai, India), however, the alternative drug could be voriconazole (Rs. 265/vial) rather than amphotericin B. With low MICs, both voriconazole and amphotericin B remain promising anti-Candida drugs. Both of these drugs are amenable to intraocular use as well with their margin of safety for retina and are preferred drugs for the treatment of Candida endophthalmitis. Caspofungin emerges as an alternative drug for the treatment of Candida keratitis with 28 out of 29 (96.5%) isolates being sensitive to it. With its limited availability, however, it is out of reach for ophthalmologists at the moment.
This study suffers with many drawbacks inherent in a retrospective study. The results of in vitro antifungal susceptibility were not available at the time of treatment of the patient. It is also obvious that in some cases probably the microbiology report did not reach the physician on time. This delay may account for change of topical treatment in keratitis patients to amphotericin B in some but not all patients with positive microscopy of the corneal scraping for yeast-like cells. It is also to be noted that Candida species may appear as filamentous fungi in corneal scrapings, [22] thereby leading to institution of natamycin as the first line of treatment. A delay of reporting is inherent in the culture method involved but all efforts should be made by the laboratory to convey the result of microscopic examination to the treating physician as early as possible. In contrast to patients with keratitis, patients with endophthalmitis received intraocular antifungal injection, in majority of the cases; however, useful vision was achieved only in 4 out of 12. Poor visual outcome despite treatment has been reported in Candida endophthalmitis which is attributed to immunocompromised state, delayed diagnosis and virulence factors of the micro-organism. [23] Although laborious and time-consuming, the gold standard for fungal susceptibility tests continues to be broth microdilution method. To overcome the difficulties, several easy-to-use commercial methods such as Fungi test, disk diffusion test and E test have come in to the market. E test results may be affected by the type of media used and the inoculum size and duration of incubation; nevertheless, with proper standardization and quality control, these factors can be controlled. In the current study, E test was used for its simplicity, accuracy and reliability in testing antifungal drugs against yeast. [24] With due diligence on the part of the microbiology laboratory, it may be possible to obtain an early diagnosis of Candida infection of the eye. Candida species are highly virulent with morphological transition between yeast and hyphal forms (phenotypic switching), expession of adhesins and invasins on the cell surface, formation of biofilms and secretion of hydrolytic enzymes. [25] An early intervention is essential to achieve a favourable outcome. None of the species have developed resistance to the available antifungal drugs except for fluconazole and itraconazole; therefore, the need of the hour is to diagnose and treat early.
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